The use of heavy ions beams with mass of order 100 atomic mass units and energy of order 10 MeV per nucleon has been proposed as a driver for heavy ion fusion. Multi-electron-loss collisions of the beam ions with the background gas atoms result in an increase in the ion charge, which is an unwanted effect for beam propagation through the accelerator and transport regions, and the target chamber. Knowledge of the electron-loss cross-sections is essential to understand and address this issue. This paper describes the theoretical methods employed for calculation of the cross-sections.
INTRODUCTION
To describe the collision cross-sections of heavy particles it is natural to use the eikonal approximation as described in Ref. 1 . In this approximation, the scattering amplitude for inelastic transitions from initial state i to final statefis given by [l] (1) k' 21n' where p and p ' are the particle momenta before and after the collision, k ' = p ' / A , Aq = p ' -p , p is the impact parameter, and f,, =-j < i I S I f > e f q P d 2 p , s( p , r p , r, ) = exp(-i y( p, r,, rT )> ,
' (3) where U(r) is the sum of interaction potentials between all projectile electrons (at positions r p ) and target electrons and nuclei (at positions rT), and V is the relative velocity. The total cross-section for electron loss from the projectile particle is determined by integrating over all possible final states of the target atom and energies of the ionized electrons in Eq.(5).
Conservation of energy requires that
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I Born-Approximation
If the inequality in Eq. (6) is satisfied, the Bornapproximation is valid for all impact parameters. It is convenient to recast the integral in Eq.(l) using Fourier transforms. Some straightforward algebra readily yields [31
where qmin is given by Eq.(4) with e o , P,? (E,q,l) is the ionization transition strength of the projectile electron with final energy E and orbital momentum 1, i g represents the summation over all final states of the target atom, So, is Kroniker function, F?(q), is the inelastic form factor for the j'th electron of the target atom. Information on the inelastic atomic form factor (the final state is not the ground state) is rare and has to be calculated numerically. The ionization transition strength (10) has been calculated analytically only for one-electron ions [4] . For multi-electron ions, Pp""(&,q,l) also has to be calculated numerically.
Considerable simplification is possible if the difference in qmin for different final states can be neglected, approximating qdn = 1 /AV , where 1 is the ionization potential. Thus, we obtain
[z$wP =CIz?wI2 *
Here, P?(q) is the probability of ionization of an electron with recoil momentum q after a collision, and Ziff Rough estimates can be made if P T ( q ) i s approximated by a step-function, i.e., zero for m( Aq)2 / 2 < I , and unity otherwise. For large 1, q is also large and Z,? ( q ) 2 = Z: + Z, . In this case, Eq.( 13) gives
Impulse Approximation
If the inequality in Eq. (6) is not satisfied, the Born approximation cannot be used. Nevertheless, separating large impact parameters with Y ( p ) << 1, the Born approximation can be used exclusively for p > p * . For impact parameters p < p * we can use the impulse approach [ 11 of instant interaction. The cross-section (13) derived in the Born-approximation is the product (integrated over all q), of the total differential crosssection of elastic and inelastic electron scattering with recoil momentum q, multiplied by the probability of ionization after the electron receives the recoil momentum 4.
For the case opposite to the inequality in Eq.(6), the cross-section for electron scattering can not be calculated by use of the Born-approximation. Instead, we can use a classical calculation of the cross-section do,,( q ) . This contribute significantly to the cross-section.
Comparison of the Classical and Born
Approximations
To illustrate differences between the classical and quantum-mechanical calculations, we have simulated stripping cross-sections for He' on He, N and Ar atoms. The Born approximation calculations were carried out using Eq.(13). We compared the results with the Bohr formula, which is derived by calculating the classical scattering in the limit in Eq. (6) . Under the conditions in Eq. (6), the distance of closest approach in a collision is much smaller than the atomic radius. Therefore, the collision can be viewed as a collision with a bare nucleus and free electrons. Applying the Rutherford formula readily yields 
CONCLUSIONS
We have developed a robust method of calculating ionizing collisions for fast-moving ions through background atoms. The method use a combination of the Born approximation and the impulse approach. Typically, the Born approximation overestimates the cross-section, and the classical calculation underestimates the crosssection. The proposed approach eliminates both of these shortcomings.
